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Benzene is a widespread contaminant benzene was not used in 69 of these factories and in other or mixed occupetions (i.e., more than one of

in the air and groundwater, originating 40 additional factories located in the 12 stud), cities, the al_)ve categories).

from industrial sources, cigarette smoke, The unexposed group consisted of 35 805 workers. To provide stable risk estimates, fairly broad
This investigation was approved by the CAPM In- groups were defined for duration of exposure (<5,

gasoline, and automobile emissions (1). stitutional Review Board in accordauce with an as- 5-9, and _ 10 years), average t<10, 10-24, and >_25
There is scientific agreement that benzene suranee filed with the U.S. Department of Health ppm), and cumulative exposure (<40, 4(I-100, and

causes leukemia, particularly acute non- and Human Services. Subjects were identified -_100 ppm-yearsi to benzene. Each measure of ben-

lymphocytic leukemia (ANLL), but con- through factory administrative records, from which 7_eneexposure f'_r each individual was allowed to
demographic and job history data (job rifleand dates change with time; person-years and disease events

troversy still exists with regard to the of employment) were abstracted (14,15). Average were assigned to benzene-expnsure levels with a 1.5
level of risk at low exposures (2-4) as occupational exposure (time-weighted average) to year lag (i.e., according to the level 1.5 years pre-

well as the potential association with benzene fin ranges of<l part per million [ppml, 1 to viously). A lag period of 1.5 ).ears was used in mak-

other hematologic neoplasms (5). The <5, 5 to <i0, 10 to <25, 25 to <50, and _50 ppm) ing these calculations because more recent expo-

epidemiologic evidence for a dose- was estimated by local industrial hygienists and sures are unlikely to be biologically linked to the

response relationship between benzene other occupational health personnel, using available development of diagnosed ca,lcers (19,201. Toambient benzene exposure measurements and de- evaluate the temporal component of disea_ clevel-

and leukemia derives primarily from three tailed production and related process information, opment further, we partitioned the cumulative expo-

small cohort studies (6-8) and their recent for seven calendar periods (1949 through 1959 sure at a given time into recent (1.5 to 10 years

updates (9-11). These investigations have 1960 through 1964, 1965 through 1969, 1970 earlier) and distant (10 or more years earlier) expo-

generally reported on workers exposed to through 1974, 1975 through 1979, 1980 through sure. Because a substantial number of individuals

benzene at relatively high levels, or they 1984, and 1985+)for study-specific job titles in each were historically exposed to a relatively stable av-
factory. Work histories were then linked to the ben- erage amount of benzene while working, we also

have identified such small numbers of zene-exposure data to provide individual time- developed a measure of constant exposure, where

leukemia cases as to preclude stable ex- specific benzene-exposure estimates, follow-up was censored 1.5 years after the individu-

posure-response estimates, al's exposure level changed (<10, 10-24, and _25

In 1981, the Chinese Academy of Pre- Subject Follow-up ppm) for the first time. Ratios of incidence rates for

ventive Medicine (CAPM) carried out a With the use of occupational personnel and health hematologic neoplasms and related disorders in the

national occupational survey and identi- records and, as needed, contacts with physicians, benzene-exposed group compared with rates in the
colleagues, next of kin, or others, subjects were fol- unexposed group (RRs = relative risks) were deter-

fied more than 500000 benzene-exposed lowed through December 31, 1987, for the occur- mined using Poisson regression analysis (211, with

workers, characterized by a broad range renee of hematologic neoplasms and other selceted stratification by _lge and sex. Tests for linear trend

of benzene exposure levels (121. A sub- hematologic disorders as well as for vital status and (two-sided) of increasing risk with increasing extent

sequent follow-up survey of 28 460 ben- cause of death. For cases of hematologic neoplasms of benzene exposure were carried out. on the basis of

zene-exposed and 28 257 unexposed and other selected hematologic disorders, available the mean of years in duration-exposure categories,the log of the mean of parts per million in average-
workers from 1972 through 1981 found pathologic material and medical records were re-

viewed by expert U.S. and Chinese hematopatholo- exposure categories, and the log of the mean of parts
an increased risk of mortality due to leu- gists (161. Because myetodysplastie syndromes per miUion-years in cumulative exposure categories.

kemia (standardized mortality ratio [SMR] (MDS) (17) may be precursors to ANLL (18) and Results
= 5.7), but the exposure-response relation- were not systematically distinguished from ANI.L in

ship was not quantified (13). past epidemiologic studies, ANLL and MDS were The RR for all hematologic neoplasms
Since 1987, the U.S. National Cancer combinedforseveralanalyses.

On average, benzene-exposed and unexposed combined among workers who were oc-
Institute has collaborated with the CAPM subjects were followed for 10.5 years and 11.7 cupationally exposed to benzene was 2.6

,rod its team in 12 Chinese cities to iden- years, respectively. Most person-years of follow-up (95% confidence interval [CII = 1.4-4.7)

tify all incident cases of hematologic nee- occurred during active employment (88% among (Table 1). Statistically significant ex-

plasms and related disorders in an ex- benzene-exposed and 91% among unexposed work- cesses were found for ANLL (RR = 3.0;

panded study population with 6 additional ers); only a small percentage of person-years were 95% CI = 1.0-8.9) and for the combinedattributable to workers who had moved from the

years of follow-up. A major focus of the study cities (2.5% among benzene-exposed and group of ANLL/MDS (RR = 4.1; 95%
collaborative effort was to evaluate quart- 2.4%amongunexposed workers). Approximately Cl = 1.4-11.6) (Table 1). Excesses were
titative data with regard to benzene expo- 2% of the study subjects died during follow-up also noted for other leukemias (RR ::
sure. Here, we assess the exposure- (1369benzeneexposedand598unexposed). Only 2.0; 95% CI = 0.7-5.4) and non-
response relationship between the extent 147(0.2%)exposed and911(0.3%)unexposed work- Hodgkin's lymphoma (NHL) (RR = 3.0;ers were lost to folluw-up.
of benzene exposure and the risk for he- 95% CI = 0.9-10.5), but the results were
matologic neoplasms and selected related Statistical Analysis not statistically significant.

disorders. Subjects employed less than 6 months and those Increased risk was found for hemato-

Materials and Methods hired before the exposure assessment period (1949 logic neoplasms among workers hired be-
through 19871 (1.4% of exposed and 0.8% of unex- fore 1972 (the beginning of the cancer

Study Population and Exposure posed) were excluded from the analysis. Person- risk assessment period) (RR :-- 2.9; 95%
Assessment years at riskwereaccumulatedfrom6 monthsafter CI = 1.5-5.4) and thereafter (RR = 2.5;

study entry (January I, 1972, or, if hired later, the
The benzene-exposed group consisted of 74 828 date of hire) to the earliest of the following events: 95% CI - 1.1-5.41. Fifteen of the 16 ben-

workers employed from 1972 through 1987 in 672 date of diagnosis of cancer or a related disease, date zene-exposed NHL cases occurred among
factories in 12 cities in China. A variety of industries of death, date of first employment in a job .fun- workers hired before 1972 (RR = 4.1;
and occupations using benzene was studied, includ- known exposure (<1% of person-ye_u:s), date of loss 95% CI = 1.2-14.4). For ANLL, signifi-
ing painting, printing, and the manufacture of foot- to follow-up (<1% of subjects), or end of follow-up

wear, paint, and other chemicals. An unexposed (December 31, 19871. Subjects were categorized by cantly increased risk was found for work-
comparison group was assembled from workers era- occupations in coatings applications (mostly paint- ers hired after 1972 (RR = 5.1 ; 95% CI
ployed during the same period in work units where ers), chemicals production, shoe production, and = 1.5-17.2), while the risk for ANLL/

1066 REPORTS Journal of the National Cancer Institute, Vol. 89, No. 14, July 16, 1997



iii!iii!i!
!:iiiiiii:
i !_!!iii:

Table 1. Relativeriskforhematologicneoplasmsandrelatedconditions,on thebasis of selected occupationalcharacteristics,forworkersexposedto benzene.....

::i Relativerisk (No. of cases)
Person- Mean
yeats, exposure, Mean All hematologic Other

Studygroup )<103 ppm*,t exposure,y* neoplasms+_ NHL Leukemia ANLL ANLL/MDS leukemias
ili

.... All exposedsubjects 698 22.5 9.3 2.6 (58) 3.0 (16) 2.5 (38) 3.0 (21) 4.1 (28) 2.0 (17)
: 95%CI§ = 95% CI = 95%CI -- 95% C1= 95%CI = 95% CI :
_: 1.4-4.7 0.9-10.5 1.2-5.I 1.0-8.9 1.4-11.6 0.7-5.4

i: Exposedsubjects:
: y of hire
: <1972 40,1- 24.9 13.2 2.9(44) 4.1 (15) 2.4(25) 2.6¢12) 4.0(19) 2.2(13)

;_: _1972 294 19.2 4.0 2.5 (14) 0.5 (1) 3.4 (13) 5.1 (9) 5.1 (9) 2.0 (4)
Exposedsubjects:

occupation
Coatings!l 350 21.5 9.4 2. I (23) 1.6(4) 2.2 (I7) 2.9 (10) 4.2 (14) 1.7(7)
Rubber 34 53.5 11.I 1.8 (2) 4.0 (I) 1.3 (1) 3.0 (1) 6.1 (2) -- (0)
Chemical 88 24.8 8.5 5.0 (14) 7.8 (5) 3.6 (7) 4.5 (4) 4.5 (4) 2.8 (3)
Shoe 68 21.8 7.9 1.9 (5) 1.6(1) 2.5 (4) 1.5 (1) 1.3(1) 3.2 (3)

):i Other/mixed 158 17.4 9.8 2.7 (14) 4.1 (5) 2.5 (9) 3.1 (5) 4,4 (7) 2.0 (4)
All unexposed 405 0 0 1.0(13) 1.0(3) 1.0 (9) 1.0 (4) 1.0(4) 1.0(5)

subjects (referentYl
ii iiiii 1 i i i i ii

*Time-weightedaverage,lag 1.5y.
tppm = part(s) per million.
:_Hematologicneoplasms (InternationalClassificationof Diseases IICD19:200-208);NHL = non-Hodgldn's lymphoma(ICD9: 200,202): leukemia (1CD9:

204-208); ANLL -- acute nonlymphocyticleukemia (ICD9:205.0,206.0,207.0); MDS = myelodysplastiesyndromes (ICD-02:9980-9989)i other leukemias:
includesleukemiasother than ANLL and leukemiasnot otherwisespecified(1CD9:204, 205.1-205.9,206.1-206.9,207.1-207.9,208). See (34) for ICD9and (35)
for ICD-02.

.::i §CI = confidenceinterval.
::: ![Coatings:paintersand othercoating applicationworke_.

CIReferent;relative risk = 1.0 for unexposedworkers, withall risks adjustedfor ageand sex.

MDS was significantly increased among sure, from 0.7 (95% CI = 0.1-7.2) among (95% CI ----0.8-65.6; based on one case)
both earlier (RR = 4.0; 95% CI = 1.3- those exposed for fewer than 5 years to among workers hired in 1972 or later. In

11.9) and later (RR = 5.1; 95% CI = 4.2 (95% CI -- 1.1-15.9)associated with neither time period was longer duration of

1.5-17.2) hires. Although occupation- exposures of 10 or more years, but the benzene exposure clearly linked to in-
,' specific results were limited by small exposure-response patterns were less creasing risk of ANLL/MDS. Risk for

numbers, risks for ANLL/MDS were el- clear for the other measures of exposure. ANLL/MDS increased with increasing

evated among coatings workers (RR = ANLL and ANLL/MDS both showed cumulative exposure to benzene, but the

i 4.2; 95% CI = 1,4-12.6), rubber workers patterns of increasing risk with increasing highest risks were not seen at the highest
: (RR = 6.1; 95% CI = 1.1-33.3), chemi- average exposure to benzene, with more exposure level (cumulative ppm-years:

cal workers (RR = 4.5; 95% CI = 1.1- consistent exposure--response patterns for 40-99, RR = 6.0 [95% CI = 1.8-20.6];

18.1), and among those with other or ANLL/MDS than for ANLL alone. The cumulative ppm-years: >_100, RR -- 4.4

mixed occupations (RR = 4.4; 95% CI link of ANLL/MDS with average expo- [95% CI = 1.4-13.5]). Although there
, = 1.3-15.2). Risk for NHL was also el- sure was strongest when restricted to sub- was some evidence of increased risk for

evated among several occupational jects with constant levels of occupational leukemias other than ANLL among ben-
i groups, but only chemical workers exposure: RRs rose from 3.2 (95% CI = zene-exposed workers (Table 1), e/ear

showed a statistically significant excess 1.0-10.3) for those with constaut low- patterns of increasing risk with increasing
: (RR = 7.8; 95% CI = 1.9-32.5). level exposures (<10 ppm) to 7.1 (95% CI exposure were not observed (Table 2).

_ : Benzene-exposed subjects experienced = 2.1-23.7) for those with constant high- We partitioned cumulative benzene ex-i

: significantly increased risks for hemato- level exposures (_25 ppm). Risk for posure into recent (<10 years prior to di-

logic neoplasms at average benzene expo- ANLL/MDS did not increase with dura- agnosis) and distant (1>10 years prior to
i sures of less than I0 ppm (RR = 2.2; tion of exposure to benzene (Table 2). diagnosis) exposure. NHL was strongly

¢

95% CI = 1.1-4.2)and cumulative expo- The RRs associated with fewer than 5 linked with distant exposure to benzene
sures of less than 40 ppm-years (RR = years, 5-9 years, and 10 or more years of (P for trend = .005; based on 13 exposed

i

: 2.2; 95% CI = 1.1-4.5) (Table 2). Trends exposure were 11.7 (95% CI = 2.9-47.3; cases), but the association with exposure

:::: of increasing risk for hematologic nee- based on four cases), 5.2 (95% C] = 1.4- in the most recent 10 years was weak (P
_: plasms were seen with respect to increas- 19,3; based on five cases), and 2.8 (95% for trend = .15; based on 16 exposed ::i:ii

ing average exposure (including the sub- CI = 0.8-8.9; based on 10 cases), respec- cases). NHL showed no clear link with:

:_i: cohort of subjects with a constant level of tively, among benzene-exposed workers work that involved only recent ex_sure :::iii:_:i/:iii
• !:::/_i occupational exposure) and cumulative hired before 1972 and 5.7 (95% CI = (RR = 15 [95% CI = 0.3-7,6]_bas_d:!_ia:ii:i:iiii:iiii!!i==============================

exposure to benzene. Risk for NHL in- 1.5-21.5; based on six cases), 3.5 (95% CI three exposed cases) (Table 3)_ iIaiii_i::i!::::iiii::i:::iiii::
creased with increasing duration of expo- = 0.6-19.8; based on two cases), and 7.2 trast, risk of ANLL/MDS:I v¢_:_i;_!_ii!i_ii!iiiii!_;iiiiiiiiiiiiiiil

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
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Table 2. Relative risk (RR)* for hematologic neoplasms and related conditions according to extent of exposure to benzene !i!:!i::

Benz_ene-exIx_ed group _ :::

Average, ppm:_ Constant. ppm§ Duration, yrs Cumulative, ppm-yrs Uncx- iii:
..... p_sed :i

Hematologic P for P for P for P for referent :::

condition �<1010-24 ->-25 trend!" <10 10-24 _>25 trend <5 5-9 ____10 trend <40 40-99_ _100 trend'l group i]
All hematologic neoplasms

Cases 24 16 18 21 8 11 16 17 25 18 I I 29 13

RR 2.2 3. I 2.8 .003 2.1 3.2 2.9 .002 3. I 3.3 2.(1 .24 2.2 2.9 2.7 .(KI4
95% CI# 1.1_.2 1.5-6,5 1.4-5.7 1,0_. I 1.3-7.6 1.3-6.6 1.5-6.6 1.6-6.8 1.0-3.9 1.1-4.5 1.36.5 IA-5.2

NHL

Cases 7 2 7 7 0 3 I 4 II 6 1 9 3

RR 2.7 1.7 4.7 .04 3.0 -- 3.5 .15 0.7 3.3 4.2 .01 3.3 1.1 3.5 .02
95%. CI 0.7-10,6 0.3-10.2 1.2-18.1 0.8-11.6 -- 0.7-17.3 0.1-7.2 0.7-14.7 I.I-15.9 0.8-13.1 0.1-11.1 0.9-13.2

Leukemia

Caxes 15 13 l0 12 7 7 14 11 13 II 8 19 9

RR 2.0 3.7 2.3 .02 1,7 4.0 2.8 .009 4.0 3.1 1.5 .98 1.9 3.1 2.7 .04
95% CI 0.9-4.5 1.6-8.7 0.9-5.7 0.7-4.1 1.5-10.7 1.0-7.4 1.7-9.6 1.3-7.5 0.6-3.6 0.8-4.7 1.2-8.0 1.2-6.0

ANLL

Cases 7 9 5 6 4 5 9 6 6 5 5 11 4
RR 2.0 5.8 2.6 .04 1.9 4.9 4.4 .008 5.6 3.6 1.6 .81 1.9 4,3 3.6 .06
95% CI I).6-7.0 1.8-18.9 0.7-9.9 0.5-6.8 1.2-19.8 1.2-16.4 1.7-18.7 1.0-12.9 0.4-5.7 (I.5-7.(I 1.1-16.0 1.1-11.6

ANI,IJMDS

Cases I 1 9 8 111 4 8 l0 7 l I 7 7 14 4
RR 3.2 5.8 4.1 .01 3.2 5.1 7.1 .0003 6.6 4.3 2.8 .48 2.7 6.0 4.4 .01
95% CI 1.0-10.1 1.8-18.8 1.2-13.2 1.0-10.3 1.3-20.6 2.1-23.7 2.0-21.6 1.3-14.8 0.9-9.1 0.8-9.5 1.8-20.6 1.4-13.5

Other leukemia_

Cases 8 4 5 6 3 2 5 5 7 6 3 8 5

RR 1.9 2.1 2.1 .27 1.6 3.2 1.4 .31 2.7 2.7 1.4 .83 2.0 2.1 1.9 .36
95% CI 0.6-5.9 0.6-7.8 0.6-7.1 0.5-5.2 0.8-13.4 0.3-7.4 0.7-9.7 0.8-9.3 0.5-4.6 0.6-6.6 0.5-9.11 0.6-6.0

Person-y,

x 1113 352 157 188 324 88 121 249 170 278 300 119 279
ii

*Referent: RR = 1.0 for unexposed workers, with all risks adjusted for age and sex.

tNFIL = non-Hodgkin's lymphoma: ANLI, = acute nonlymphocytic leukemia; MDS = myelodysplastic syndromes; other leukemia; includes leukemias other

than ANLL and leukemias not otherwise specified (see Table I fi_r ICD codes).

:_ppm = part(s) per million.

§This category encompasses a group of person-years for workers who were 'always exposed at the indicated levels.
liP values are two-sided.

_Groups for trend test: unexposed and exposure of <10, 10-39, 40-99, 100-399, and _400 ppm-years.
#CI = confidence interval.

cantly increased among those who had ries (<1960, 1960-1971, and I>1972) was combined categories of ANLI.,/MDS than
only recent benzene exposure (RR = 6.0 included in the statistical regression mod- for ANLL alone. Risk for NHL increased
[95% CI = 1.9-18.4]; based on 14 ex- els, the findings were unchanged (data not with duration of exposure and was strong-
posed cases). Risk of ANLIJMDS was shown), est among workers who had distant (_>10

also strongly associated with increasing Discussion years) exposure. No excess was noted for
amounts of recent (P for trend = .003) NHL among workers hired since 1972,
but not distant (P for trend = .51) expo- In earlier reports (22.23), we showed but follow-up for this group was rela-
sure. that employment in benzene-exposed jobs tively short.

NHL was linked to distant cumulative in China, regardless of the exposure level, In rodents, benzene causes a range of
exposure to benzene among coatings was linked to hematologic disease mortal- neoplasms, including lymphomas and tu-
workers (the largest occupational group, ity and the incidence of leukemia, NHL, mors of epithelial origin, but, for reasons
mostly painters) (P for trend = .10; based MDS, and aplastic anemia. This investi- not understood, increased risk for granu-
on three exposed cases) and among those gation provides evidence that benzene locytic leukemias has not been reported
with other benzene-exposed occupations may cause hematologic neoplasms and re- (24-26). In earlier epidemiologic studies, ::iii
(P for trend = .005; based on 10 exposed lated disorders at average exposures of benzene has been linked most strongly

cases). ANLL/MDS was linked to recent less than 10 ppm and cumulative expo- with ANLL, while results for other hema.-cumulative exposure among coatings sures of less than 40 ppm-years. Increas- tologic neoplasms have been inconsistent

workers (P for trend = .001; based on 14 ing risks for ANLL were linked with in- (5). However, the epidemiologic database
exposed cases) and among workers in creasing levels of benzene exposure, for quantitative assessment of cancer risk

! other occupations (P for trend = .06; particularly for exposures that had oc- associated with benzene exposure is

i based on 14 exposed cases). When the curred within the I0 years prior to diag- sparse. :':_i_i
year of initial employment in study facto- nosis, and showed a stronger link for the No increases in risk were found in a :i
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:!i Table 3. Relative risk (RR)* for selected hematologic conditions among benzene-exposed workers according to recency of exposure
i iiii

:" NHLt ANLI,/MDS_

Recent exposure, ppm-yrs:_ Recent exposure, ppm-yrs$

i Distant exposure, ppm-yrs§ None <40 ->-40 Total None <40 _40 Total

None

Cases 3 0 3 5 9 14
P-Y (xl0a)[[ Referent 218 136 354 Referent 218 136 354
RR 2.5 ..... 1.5 3.7 9. ! 6.0
95% CI_i 0.5-13.2 -- 0.3-7.6 1.0-13.9 2.8-29.7 1.9-18.4

<40

i_i Cases 0 3 1 4 0 3 4 7
P-Y (×103) 3 97 46 147 3 97 46 147
RR -- 3.4 2.6 3.1 -- 2.4 7.4 3.8
95% CI 0.7-17.4 0.3-25.3 0.7-14.3 0.5-10.7 1.8-29.7 1.1-13.0

->-40

Cases 0 2 7 9 0 1 6 7
P-Y (×103) 6 32 159 197 6 32 159 197

:_ RR -- 6.4 4.7 4.9 -- 2.0 2.7 2.5
95% CI 1.0-41.1 1.2-18.9 1.3-18.9 0.2-18.5 0.8..9.8 0.7-8.7

Total

Cases 0 8 8 0 9 19
P-Y (xl03) 9 347 342 9 347 342
RR ..... 3.4 2.9 -- 2.9 5.3
95% CI 0.9-13.0 0.8-10.8 0.9-9.3 1.8-15.6

i iii

Linear trend tests: (never exposed [referentl, >0 to <10, 10-39, 40-99, 100-399, and _>400 ppm-yrs, in time perknl).
NHL ANLL/MDS

Recent exposure, P = .15. Recent exposure, P = .003
Distant exposure, P = .005. Distant exposure, P = .51

*Referent: RR = 1.0 for unexposed workers, with all risks adjusted for age and sex.

+NHL = non-Hodgkin's lymphoma; ANLL = acute nonlymphtx:ytic leukemia: MDS _ myelodysplastic syndromes (see Table 1 for ICD codes).

: _Recent exposure: cumulative benzene exposure (parts per million [ppm]-years, lag 1.5 years) in period <10 years prior to diagnosis.
§Distant exposure: cumulative benzene exposure (ppm-years, lag 1.5 years) in _>10 years prior to diagnosis.
[[P-Y (xl0 a) = person-years per 1000.
rlCl = confidence interval.

case-control study (3) of leukemia (based exposures to benzene were I-5 ppm for with an exponential in risk with increas-

on 14 exposed cases), multiple myeloma three of the individuals who died of leu- ing cumulative dose (8). Updated reports

(based on seven exposed cases), or NHL kemia and about 18 ppm for the fourth. (11,27) on this cohort, with follow-up

(based on nine exposed cases) among Ca- Compared with general population rates, through 1987, show similar dose-

:: nadian petroleum distribution workers ex- total deaths caused by myelogenous leu- response results for acute myeloid leuke-

posed predominantly to less than 1 ppm kemia were significantly elevated; the mia (AML) (based on six cases) (11) but

benzene. Also, among Scandinavian set- RRs were 1.7 among workers with less indicate that risk for the non-AML leuke-

vice station workers exposed on average than 42 ppm-years' cumulative benzene mias (based on eight cases) was also in

to less than 1 ppm benzene, no excesses exposure (based on two cases) and 2.5 excess (27). Other investigators (10,28)

were found of leukemia (based on 28 ex- among workers with 83 ppm-years or suggest that exposures in this cohort may

: _ posed cases) or acute myeloid leukemia more of benzene exposure (based on one have been higher, but this suggestion has

(ba_sed on 13 exposed cases) (4). Among case), also been disputed (29).

: _ 4602 benzene-exposed and 3074 unex- In a third cohort study (8), 1165 rubber In contrast to the findings among rub-

:_ posed U.S. workers (6), risk rose in an hydrochloride manufacturing workers in ber hydrochloride workers (8,11), our
iii

exposure-response fashion for lymphatic the United States were followed through study shows excess risk at relatively lowi:!.

_i: and hematopoietic cancers (based on 18 198l, and 15 deaths caused by lymphatic levels of exposure (<10 ppm average and
:: cases) and for leukemia and aleukemia or hematopoietic cancer, including nine <40 pprn-years cumulative), but it shows

(based on six cases) with respect to ben- caused by leukemia (six by ANLL) and a relatively modest dose-response effect,
zene exposure categorized as none, less four caused by multiple myeloma, were with proportionally smaller increases in
than 15 ppm-years, 15-59 ppm-years, and identified. The leukemia deaths occurred risk at increasing levels of exposure.

.... 60 ppm-years or more. In another study among workers who were generally ex- While the precise shape of the benzene
_ii!:!i (7) among 956 benzene-exposed workers posed to benzene at levels of more than exposure-response curve can only be es-
:i!iii:: in Michigan, seven deaths caused by lym- 20 ppm, and the risk increased with in- timated with caution from either of these

i::::i::iiii_i_::_phatic or hematopoietic cancer were iden- creasing exposure, showing significant studies, our larger study is in agreement

tiffed, including four caused by leukemia excesses with cumulative exposures of with human (30) and rodent (31) meta-(all myelogenous leukemias). Average greater than 200 ppm-years, consistent bolic studies showing a shift at higher lev-::::+:
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of the likely toxic precursors, such as by- possible, particularly for distinguishing more likely due to the common exposure
droquinone and muconaldehyde, small differences in low-level exposures, to benzene than due to other exposures.

MDS is a known precursor of acute Hematologic disease diagnoses for this While this study is larger than previous
myeloid leukemia after treatment with al- investigation were based on careful noso- investigations and includes workers with

kylating agents (18). Earlier, we showed logic review of available pathologic ma- a wide range of exposures to benzene, the
(22) that MDS was linked to employment terial and related documentation by expert estimates of risk, as measured by statisti-

in benzene-related jobs (RR = _; 95% el hematopathologists (16), an improvement cal CIs, are still fairly broad, and would
= 1.7 to _; based on seven cases), and over previous death certificate-based benefit from the larger numbers that could

here we relate ANLL/MDS to the extent studies (6,7,11), This effort was of par- be provided by continued follow-up of

of benzene exposure. Earlier mortality ticular importance in China, because re- this population. Nevertheless, the obser- ii 1studies of benzene-exposed populations cent nationwide vital statistics and cancer vation of doubled risk for ANLL/MDS at

may have failed to identify this associa- incidence validation studies are unavail- an average exposure of less than 10 ppm
tion because MDS has only begun to be able. Because benzene-exposed workers benzene, the proportionally smaller in-

more widely recognized in the past 10-15 are known to be at excess risk for leuke- creases in risk with increasing exposure,
years and patients may die of complica- mia, it is possible that additional early the elevated risk for ANLL/MDS with re-

tions relating to the eytopenias of MDS cases were identified in the exposed cent exposure, and the possible links with _:
before its evolution to ANLL. In our group compared with the unexposed NHL are all provocative new observa-
study, ANLL/MDS was linked to recent group due to more thorough surveillance, tions that should enhance our efforts to

benzene exposure, and additional distant Such a bias, however, could not have understand benzene carcinogenesis in hu-
exposure did not appear to further in- been substantial, because overall excesses man populations.
crease risk. This finding suggests that re- were similar when restricted to exposed
cent benzene exposure is predictive of and unexposed deceased individuals (22). References
subsequent risk for ANLL/MDS, analo- We compared disease rates among the
gous to the short latency and wavelike benzene-exposed population with rates tl) WallaceI.A. Majar sources of benzene expo-
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